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ABSTRACT.
We present the results of the radial velocity (RV )
measurements of metallic lines as well as Hα (Hβ)
obtained in 55 high-resolution spectra of the Cepheid
α UMi (Polaris Aa) in 1994–2010. While the RV
amplitudes of these lines are roughly equal, their
mean RV begin to differ essentially with growth of
the Polaris Aa pulsational activity. This difference
is accompanied by the Hα line core asymmetries
on the red side mainly (so-called knife-like profiles)
and reaches 8–12 km s−1 in 2003 with a subsequent
decrease to 1.5–2 km s−1 . We interpret a so unusual
behaviour of the Hα line core as dynamical changes in
the envelope around Polaris Aa.
Key words: - Stars: Cepheids - Stars: radial ve-
locities - Stars: Hα absorption line - Stars: envelopes
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1. Introduction
Detection of an extended envelope around the
Cepheid Polaris (hereafter Polaris Aa) using a near-
infrared interferometer (Me´rand et al. 2006) suggested
an idea to check its presence spectroscopically. Usenko
et al. (2013, 2014ab), Usenko and Klochkova (2015)
revealed that the Hα absorption line could be used
as an indicator of the envelope presence not only in
long-period Cepheids but also in short-period ones. As
a rule, Cepheids with pulsational periods longer than
7–10d demonstrate a pronounced appearance of a sec-
ondary variable absorption in the Hα line cores, while
short-period ones exhibit a smoother, so called knife-
like shape. Besides that, a slight change in the RV
of the Hα line core with pulsational phase compared
to that determined from the metallic lines is another
indicator of the envelope presence in Cepheids.
Hence the main goal of this work is to measure the
RV s of Polaris Aa in different pulsational phases using
the metallic lines and Hα (in some cases Hβ) line cores
and to estimate visually the shape of the latter ones.
2. Observations
Observations of Polaris Aa have been obtained using
the following facilities:
1. 1m telescope of the Ritter Observatory, University
of Toledo (Ohio, USA) - fiberfed echelle spectro-
graph 1150×1150 pixel CCD (λλ 5800–6800 A˚).
2. 2.1m Otto Struve telescope of the McDonald Ob-
servatory (Texas, USA) - SANDIFORD spectro-
graph (McCarthy et al. 1993) 1200×400 pixel
CCD (λλ 5500–7000 A˚).
3. 6m telescope BTA - SAO RAS (Russia) - LYNX
(Panchuk et al. 1993), PFES (Panchuk et al.
1997), NES (Panchuk et al. 2006) spectrometers
(λλ 4470–7100 A˚).
The data reduction was done using IRAF and
MIDAS software packages, all the RV measurements
were done using the DECH20 software (Galazutdinov
1992). In Table 1 we present these RV data from the
spectra obtained in 2005–2010. This table contains
the measurements derived from the metallic lines, Hα,
and Hβ , respectively.
2. Radial velocity measurement analysis and
the Hα line core behaviour
As seen in Table 1 and Fig. 1, the difference between
the measurements obtained from the metallic lines and
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Table 1: Radial velocity data of Polaris Aa in 1994–
2010
Spect- HJD Tel. Metallic lines Hα Hβ
rum ID 2400000+ RV σ NL RV RV
940609 49512.615 1 -13.28 1.23 126 -14.78 -
940815 49579.824 1 -14.21 1.21 116 -15.53 -
940908 49603.853 1 -13.35 0.93 152 - -14.34
941012 49637.792 1 -14.97 1.05 132 -16.69 -
941023 49648.810 1 -14.38 1.07 130 -15.53 -
s22923 51240.612 3 -18.26 2.81 302 -19.98 -
s23908 51360.538 3 -16.51 2.36 317 -16.48 -
s24008 51361.536 3 -14.53 2.68 275 -15.33 -16.82
011009 52192.858 2 -16.88 0.81 281 -19.23 -
020522 52416.655 1 -16.53 1.17 138 -18.18 -
020523 52417.616 1 -17.67 1.45 145 -19.35 -
020527 52421.679 1 -17.85 1.32 109 -19.46 -
020601 52426.667 1 -18.18 1.28 121 -20.39 -
020602 52427.650 1 -17.35 3.06 119 -18.33 -
020610 52435.634 1 -16.53 1.18 142 -19.19 -
020616 52441.673 1 -16.78 1.08 112 -20.35 -
s36713 52514.575 3 -20.39 0.92 270 -22.54 -
s36814 52515.588 3 -15.33 0.86 396 - -15.77
s40008 52782.543 3 -16.62 0.60 374 - -16.41
031013 52833.741 1 -21.64 1.30 93 -14.25 -
031017 52837.678 1 -21.59 6.07 104 -17.13 -
031019 52839.746 1 -23.97 4.00 111 -15.07 -
s40410 52861.560 3 -17.76 0.73 279 -20.47 -
s40819 52867.562 3 -17.75 0.79 251 -20.25 -
s40921 52869.570 3 -16.62 0.76 247 -19.08 -
s41209 52891.600 3 -16.38 0.89 384 - -15.76
031109 52952.700 1 -19.19 1.37 90 -7.46 -
0312131 52986.692 1 -18.48 1.89 125 -10.53 -
0312132 52986.709 1 -17.86 1.67 107 -9.31 -
040101 53005.595 1 -16.50 1.13 141 -8.17 -
s42006 53015.167 3 -17.79 0.88 279 -19.81 -
s42202 53019.108 3 -17.28 0.82 266 -19.22 -
s42302 53072.165 3 -17.81 0.64 251 -20.09 -
s42327 53072.631 3 -18.02 0.77 291 -20.17 -
s42421 53073.622 3 -17.52 0.80 278 -19.69 -
s42502 53131.194 3 -18.21 0.98 549 -18.40 -
s43302 53246.192 3 -16.50 0.73 281 -19.22 -
s43812 53285.167 3 -17.08 0.85 304 -19.06 -
041227 53367.091 2 -20.51 3.84 261 -23.39 -
s45233 53686.647 3 -17.68 1.05 198 - -17.54
s45328 53687.637 3 -15.82: 1.00 616 - -16.48
s45531 53689.649 3 -18.24 1.20 589 -18.60 -
s45602 53690.111 3 -17.80 1.13 566 -17.50 -
s45821 53691.635 3 -17.82 1.06 550 -17.34 -
s45902 53693.124 3 -17.93 1.06 549 -18.41 -
s463002 53751.123 3 -16.83 1.21 581 - -16.72
s466002 53808.277 3 -18.78 1.55 933 - -19.43
s469012 53904.348 3 -17.87 1.09 506 - -17.21
s478030 53980.588 3 -17.40 1.29 569 -17.20 -
s482001 54073.591 3 -18.43 1.15 579 -17.88 -
s485029 54077.653 3 -17.58 1.21 406 - -17.27
s494030 54169.639 3 -19.18 1.09 415 - -20.09
s497012 54225.226 3 -18.92 1.25 592 -18.59 -
s504049 54344.551 3 -19.41 1.04 464 -18.47 -
s510001 54426.185 3 -16.65 1.19 603 -16.26 -
s532015 54934.587 3 -17.19 1.10 573 -16.61 -
Column 1 lists the spectrum ID shown in Fig. 1; column 3 shows tele-
scopes used (see below); columns 4 and 5 show the average RV and r.m.s.
error from the metallic lines; column 6 lists the number of metallic lines
(NL) measured.
1 - 1m Ritter Observatory;
2 - 2.1m McDonald Observatory;
3 - 6m Special Astrophysical Observatory, Russian Academy of Sciences.
Hα (and one from Hβ) for each spectrum does not ex-
ceed 1.5 km s−1 in 1994. As seen from Fig. 2, the Hα
core does not demonstrate any visible asymmetries.
Since 1999 (HJD 2451240–2451361) this difference
begins to increase (Fig. 1) and a slight asymmetry
on the red side of the Hα core are visible (Fig. 2).
Two years later this difference becomes larger (from 1
km s−1 to 2 km s−1 ), and the asymmetries on the red
side of the core get quite visible (Fig. 3) during two
years (2001–2002).
During 2003 one can see the most interesting event
when the difference between the measurements reaches
8–12 km s−1 (see Table 1 and Fig. 1) and the Hα core
shows asymmetries on the red side as well as on the
blue side (see Fig. 4).
Since 2004 this difference decreases to 2–2.5 km s−1
(HJD 2453015–2453367), and the Hα core exhibits
Figure 1: Radial velocity measurements in the spectra
of Polaris Aa during 1994–2010. Six-point stars – from
the metallic lines, open five-point stars – from the Hα
line, and open circles – from the Hβ line. The solid
line shows a second degree polynomial approximation
for the metallic lines.
asymmetries on the red side only (see Fig. 1 and 5).
During 2005–2006 (HJD 245689–2454073) the
difference is less than 1 km s−1 and the asymmetries
are less visible (Fig. 6). The same phenomena one
can see in other results obtained during 2008–2010
(HJD 2454077–2454934) (Fig. 7). It should be noted
that the differences between the Hα and Hβ line
measurements are negligible.
3. Conclusions
We summarize the results of our investigation as fol-
lows.
1. As seen from the results in Table 1 and Fig.1,
amplitudes of the RV curve from Hα and Hβ are
very small and close to those determined from the
metallic lines.
2. First Hα line core asymmetries on the red side
arise with an increase of the RV curve amplitude
after the historical minimum of the Polaris Aa pul-
sational activity in the beginning of the 1990’s.
3. During 2003 the difference between the metallic
line RV and those from the Hα line core reaches
8–12 km s−1 . This event is accompanied by the
pronounced asymmetries of the Hα core on the red
side as well as on the blue side.
4. Since 2004 the Hα line core asymmetries are ob-
served on the red side only and nearly disappear
after 2005, when the RV amplitude grows to a new
minimum.
5. Hα core asymmetries (so-called a knife-like pro-
file) in the atmosphere of Polaris Aa show that
this absorption line could be an indicator of the
envelope presence in yellow pulsating supergiants
with short periods and small amplitudes.
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6. So unusual behaviour of the Hα core during 2003
could be explained by dynamical changes in the
envelope around Polaris Aa.[2mm]
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Figure 2: The Hα line core profiles of Polaris Aa in
1994–1999. The intensity (R) is shown in the units of
the underlying continuum, the wavelengths are shown
in Angstro¨ms.
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Figure 3: The Hα line core profiles of Polaris Aa in
2003.
Figure 4: The Hα line core profiles of Polaris Aa in
2004.
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Figure 5: The Hα line core profiles of Polaris Aa in
2005–2006.
Figure 6: The Hα line core profiles of Polaris Aa in
2008–2010.
